tion of symptoms averaged 4 years (range 2E-9 years). The controls were volunteers with no history or evidence of neurologic or psychiatric disorder. The groups were similar in age (SDAT: z = 7 1.4 years, range 58-82 years; c&t&s: 8 = 70.8 years,;ange 55-80 years;_t(l4) = 0.16, D > 0.87). but educational backeround differed (SDAT: X = 10 years; controls:'k = 16 years; t( 14) = 5.06, p < 0.01).
There were 3 learning experiments. Each comprised 5 consecutive learning trials and 1 delayed trial to assess retention 20 min later. In experiment 1, subjects held the stylus of a rotary pursuit apparatus in their preferred hand, rested it on the small metal target, and tried to maintain contact with the target as it rotated at 30 rpm. Each of the 5 leamine. trials lasted 20 set: intertrial interval was 20 sec. A stopclock and impulse counter measired total time on target and the number of impulses (i.e., number of times the stylus lost and then regained contact with the target).
In experiment 2, subjects listened to a lo-item grocery list and, in a free-recall format, responded with as many items as they could, in any order, immediately following presentation. Though no time limit for responding was enforced, subjects generally completed responses within 60 sec. Instructions were repeated on each succeeding trial, urging subjects to recall all the items, even those already recalled on previous trials. Each trial was scored for number of correct items recalled. The delayed-recall trial was followed by a recognition test comprised of the target words and distractor items. A signal detection analysis, with calculation of d', was used to examine verbal recognition performance.
In experiment 3, subjects examined pictures of 8 unfamiliar faces for 20 sec. From a multiple-choice displa; of 20 faces, subjects then chose the 8 original faces. even if thev were not certain of all choices. Though no time limit for reiponding was enforced, subjects generally completed responses within 60-90 sec. Performance was scored for number correct.
All experimental procedures were fully completed, with the exception of facial learning in 1 SDAT subject whose testing was interrupted. Analysis of facial learning, therefore, was based on the results of the 7 remaining pairs of subjects. For each of the learning experiments, a 2 x 5 (Groups x Learning Trials) analysis of variance was used to examine results. Retention on the delayed trial was examined in relation to the last learning trial (trial 5) in a 2 x 2 (Groups x Trials) analysis of variance. Our principal interest in the latter analysis was in determining if a significant interaction effect would occur.
Results
SDAT patients and controls had a similar pattern of motor learning in experiment 1 (Fig. 1A) . Analysis of time-on-target data revealed a significant trials effect (F(4,56) = 21.71, p < 0.001) and no interaction (p > 0.35). The SDAT group initially performed at a much lower level (55% of controls), but this difference gradually diminished to 93% (trial 4) and 87% (trial 5) of control levels. Their improvement represented a change of 16 1% over learning trials (Fig. 2) , with every SDAT subject showing improvement. Although the groups did not differ statistically in level of performance (F(1,14) = 2.86, p = 0.1 I), a trend toward a difference was possibly evident. Given this result and the small sample sizes, we felt that the question of performance level should be subject to future study. Analysis of performance on the last learning trial and on the delayed trial revealed no interaction (p > 0.58), group (p > 0.17) or trials (p > 0.42) effects, suggesting a comparable retention of what was learned (Fig. 3) .
Analysis of rotary-pursuit impulses (Fig. 1B) showed results similar to time-on-target, with which it was highly correlated (SDAT: r = 0.79, t(6) = 3.14, p < 0.05; controls: r = 0.99, t(6) = 17.14, p < 0.001). A significant trials effect was found (F(4,56) = 5.60, p < O.OOl), but no group difference (p > 0.56) or interaction (p > 0.18). Analysis of performances on the last learning trial and on the delayed trial revealed an interaction effect (F( 1,14) = 7.16, p < 0.02) with the control group showing more impulses and the SDAT group fewer impulses than on their last learning trial (Fig. 3) . No group (p > 0.98) or trials (p > 0.23) effects were supported.
In experiment 2, which required learning of verbal information, significant group (F(1,14) = 103.61, p < O.OOl), trials (F(4,56) = 4.46, p < O.Ol), and group x trials (F(4,56) = 5.92, p < 0.00 1) interaction effects were evident. The learning curve of the control group consistently improved, while that of the SDAT group was flat (Figs. 1C and 2 ). The initial verbal performance level of the SDAT group was 45% of controls, but by trial 5 it represented only 30% of control levels. In analysis of the last learning trial and the delayed-trial data, a significant interaction effect was found (F( 1,14) = 5.65, p < 0.05), as well as group (F(1,14) = 161.41, p < 0.001) and trials (F(1,14) = 27.32, p < 0.001) effects. The SDAT group fell to, almost zero in verbal recall (73% decline vs 11% for controls) (Fig. 3) . The verbal recognition task, following the delayed-recall trial, also showed a performance level significantly lower than controls aE)oAT: 8d' = 1.14; controls: XL? = 4.64; t(14) = 10.0, p < ' In experiment 3, the learning of unfamiliar faces was difficult for SDAT patients and controls (Figs. 1D and 2 ). While the groups differed significantly in performance level (F( 1,12) = 15.50, p < O.Ol), no trials effect Cp > 0.22) or group x trials interaction (p > 0.17) was found. Controls appeared to improve through the first 3 trials, but little thereafter. The SDAT group began at 85% of control levels, but by trial 3 had fallen to 66%. Analysis of learning and retention data revealed a significant interaction (F( 1,12) = 6.57, p < 0.05) as well as group (F( 1,12) = 18.28, p < 0.01) and trials (F(1,12) = 9.81, p < 0.01) effects. Retention of the SDAT group dropped to almost a chance recognition level (29% decline vs 2% for controls) (Fig. 3) . Discussion SDAT subjects showed a striking dissociation in their ability to learn and retain different types of information. As expected, they were profoundly amnesic, showing poor acquisition of common words and unfamiliar faces, no learning curve over trials, and even poorer retention after a short delay. As with other amnesics, the findings suggest a loss of neural mechanisms necessary for learning such verbal and nonverbal information. However, the SDAT subjects learned a motor skill in a manner similar to controls, indicating preservation of the neural structures that integrate the visual, motor, and kinesthetic information used in the task, and that permit the development and storage of a motor program. This dissociation has not been observed previously in subjects with dementia of the Alzheimer type, although it is in keeping with a previous report that some subjects with mild SDAT could learn a perceptual skill (Corkin, 1982) . Eslinger and Damasio Vol. 6, No. 70, Oct. 1986 A variety of contrasting terms has been used to conceptualize this dissociation in learning; all are aimed at characterizing the fundamental distinction between the domains of preserved and disturbed memory function in the amnesias. Most notably, human cognitive research (Cohen and Squire, 1980; Moscovitch, 1982; Squire and Cohen, 1984) and experimental animal research (Mishkin and Petri, 1984; have emphasized that the nature of information, the characteristics of the tasks, and the mode of response are different in these learning paradigms. The differences are so marked that it is not even reasonable to compare the paradigms in terms of difficulty; one merely states that they must require different cognitive and neural mechanisms. Cohen and Squire (1980) have applied the terms "procedural" and "declarative" knowledge to these different types of memory. Procedural knowledge refers to motor, perceptual, and even cognitive skills that are acquired incrementally and principally by practicing the skill itself. Procedural knowledge appears to be a more comprehensive term than the designation "habits" (Mishkin and Petri, 1984; , which emphasizes the strengthening of principally stimulus-response associations. Declarative knowledge, in contrast, depends on the memory traces of sensory experiences of given stimuli. It ranges in complexity from the memory of a prototype object (e.g., a pen) to complex, autobiographic contextual memories (e.g., remembering which personal pen was used to write a specific report). The common words and new faces that the SDAT subjects failed to learn in experiments 2 and 3 are examples of declarative knowledge.
The marked disparity between procedural and declarative learning in SDAT appears similar to that of the amnesias caused by focal lesions in humans and nonhuman primates, and is strong evidence that SDAT does not randomly or diffusely damage the anatomical substrates of learning and memory. On the contrary, the cellular damage of Alzheimer's disease must be selective and involve especially the hippocampal system (Ball, 1978; Hyman et al., 1984; Kemper, 1978; McLardy, 1970; Van Hoesen et al., 1985) . This system has been repeatedly implicated in the learning and retention of declarative knowledge, but not in the learning of procedural knowledge (Corkin, 1968; Damasio et al., 1985a; Milner, 1966) . Recent reports provide new evidence that Alzheimer's disease involves highly selective cellular and laminar change in layers II and IV of entorhinal cortex and in all layers of the subiculum, respectively the crucial staging areas for hippocampal input and output from and to the cerebral cortex (Hyman et al., 1984; Van Hoesen et al., 1985) . These pathologic changes are probably related to the verbal and facial memory impairments in our SDAT subjects.
Motor learning is likely to require different neural structures, which can operate independently from the hippocampal system. These would include components of the motor system in the cerebellum, basal ganglia, thalamus, motor and premotor cortices, and related pathways, as well as somatosensory and visual cortices. It is of interest to note, in this regard, that specific damage in cerebellar structures has been shown to abolish conditioned motor responses (McCormick and Thompson, 1984) . It is also noteworthy that most motor system structures appear resistant to the degenerative changes of Alzheimer's disease (Terry and Katzman, 1983) . All of these findings support the notion that Alzheimer's disease causes damage in selected neural systems that are especially vulnerable to its pathologic mechanisms. It remains to be determined whether this dissociation is characteristic of all or most SDAT patients. On the basis of our current sample, we suspect that the dissociation is likely to occur in many mildly and moderately advanced cases. Furthermore, the dissociation in learning may also be evident in other procedural learning paradigms. Finally, the findings may have potential therapeutic implications, as they suggest that occupational programs focused on motor activities might be reasonably successful in these patients. By providing some rewarding responses, they might be especially beneficial to patients, families, and caregivers engaged in the management of this untreatable illness.
